Background
Introduction
The aim of breast reconstruction after mastectomy is to rebuild the shape of the removed breast and maintain quality of life without affecting the oncological safety of breast cancer treatment. Studies have shown that breast reconstruction (Implant/Tissue) after mastectomy does not impair the post-operative surveillance of tumor recurrence [1, 2] and does not delay any adjuvant therapies [3] , compared with mastectomy alone. The evolution from prosthetic implants to autologous tissue constructs has provided more options for breast reconstruction and increased the popularity of such approaches. The advantages of implant reconstruction include a relatively short procedure time, no procedures on the donor site and fewer complications. The tissue reconstruction approach, however, has the advantages of creating a softer, more ptotic and natural-appearing breast mound [4] , but it is associated with more complications. These two approaches (tissue/implant), theoretically, were supposed to have similar long-term survival. However, few population-based studies address this issue. Bezuhly et al [5] reported, using the SEER database, that immediate breast reconstruction(tissue/implant) after mastectomy (vs. Mastectomy alone) was associated with improved BCSS. They did not provide a detailed description of the effectiveness of these two approaches in their study. In this Surveillance, Epidemiology, and End Results (SEER)-based population study, we aim to study the breast cancer specific survival (BCSS) between patients who received tissue or implant reconstruction after mastectomy. We are also going to investigate whether the difference in the BCSS between the reconstruction types, if present, varies across different subgroups of patients.
Methods

Data collection
We searched the SEER registry data from 18 registries (Nov 2013 submission) and identified female patients with non-metastatic breast cancer between [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] 
Statistical analysis
We conducted a descriptive analysis of the population characteristics. The Chi-square test was used to compare the differences of the demographical and clinicopathological features between patients who received implant or tissue reconstruction. Kaplan-Meier survival analysis was used to calculate the cumulative BCSS (death due to breast cancer) and cumulative non-BCSS (death event due to causes other than breast cancer).
In univariate analysis, we used the log-rank test, together with an unadjusted cox-regression model to screen for potential risk factors for BCSS. Significant risk factors from univariate analysis (age, race, CHSDA region, marital status, T-stage, N-stage, histology, ER, PR, grade, simple/modified radical mastectomy, radiotherapy and tissue/implant reconstruction) were incorporated into the adjusted cox-regression model as a multivariate analysis. Family income was also included in the multivariable model. Interactions between the reconstruction type (tissue/implant) and other factors (T-stage, N-stage, ER/PR status, etc) were investigated. Subgroup analysis was performed after the identification of significant interactions. In adjusted Cox-regression analysis, propensity score matching was conducted to eliminate the potential influence of "confounding by indication". We used a logistic-regression model to generate the predicted probability (propensity score) of receiving tissue/implant reconstruction and kept it as a covariate in the adjusted Cox-regression analysis. All P-values are two-sided, and P values <0.05 were considered statistically significant. The statistical analysis was performed using Stata/SE, version 12.0 (StataCorp LP, College Station, TX).
Results
Population characteristics
This study included 6,426 patients with a median follow up of 100 months. The cumulative BCSS and non-BCSS were 92.0% and 98.4% at 5 years and 85.1% and 95.4% at 10 years, respectively. The median age of this population was 50. As shown in Table 1 , patients who received tissue reconstruction were more likely to be African American, located in the East part (CHSDA region) of the United States and to have received modified radical mastectomy compared with patients who received implant reconstruction. Additionally, there were more patients with a higher T-stage, N-stage and tumor grade as well as ER-negative and PR-negative diseases in the tissue reconstruction cohort than in the implant reconstruction cohort. Therefore, the tumor burden was imbalanced at baseline before the two cohorts. 
Risk factor for BCSS: Univariate analysis
In univariate analysis (S1 Table) , we observed that African American (vs. White), age<50 yrs, Northern plains (vs. East) area, divorced/separated/single/widowed (vs. married), infiltrating ductal carcinoma (vs. lobular carcinoma), higher T-stage, higher N-stage, negative ER, negative PR, higher tumor grade, modified radical mastectomy (vs. simple mastectomy), radiotherapy, and tissue reconstruction (vs. implant) were all associated with decreased BCSS. These factors were all included in the multivariate analysis. The cumulative BCSS rates in the tissue and implant cohort were 91.4% and 93.0% at 5 years and 84.3% and 86.7% at 10 years (log-rank test, P = 0.003), respectively. The cumulative non-BCSS rates in the tissue-and implant-cohorts were 98.7% and 98.0% at 5 years and 96.1% and 94.2% at 10 years (log-rank test, P = 0.002), respectively. 
Risk factor for BCSS: Multivariate analysis
In the Cox-regression model, we noticed a significant interaction between the N-stage and reconstruction type (tissue/implant) (P = 0.02, 95%CI 0.68-0.97, S2 Table) . Therefore, subgroup analysis based on the N-stage was performed. As shown in Table 2 , implant (vs. tissue reconstruction) was associated with a lower risk of breast cancer death in N2-3 patients (Fig. 1) , after it was controlled for some other clinicopathological factors (HR = 0.76, P = 0.03, 95%CI 0.59-0.97). The reconstruction type (implant/tissue) was not associated with BCSS in patients with N0-1 diseases (Table 2 and Fig. 1 ). The propensity score was incorporated as a covariate in the multivariate analysis and the results remained the same (S3 Table) .
Tissue and implant reconstructions in N2-3 patients
The clinicopathological features at baseline between the two approaches in N2-3 patients were similar (S4 Table) . The cumulative BCSS rates in the tissue-and implant-cohorts were 75.8% and 81.0% at 5 years and 59.0% and 68.7% at 10 years (log-rank test, P = 0.004), respectively. The non-BCSS survival was similar between the two cohorts ( Fig. 1 ).
Discussion
Reconstruction methods (tissue/implant) and BCSS in N2-3 patients
In this study, we noticed improvement in the 10-year BCSS in the implant reconstruction cohort (68.7%) compared with the tissue reconstruction cohort (59.0%) in N2-3 non-metastatic breast cancer patients after mastectomy. We are very cautious in interpreting these results and pay special attention to the influence of "confounding by indication" in this retrospective study:
1. We did not observe any differences in the non-BCSS between these two approaches in N2-3 patients (Fig. 1) , suggesting that the choices of the reconstruction methods may not be associated with the patient comorbidities at baseline.
2. We studied the baseline characteristics of the N2-3 patients and did not observe any significant differences (e.g., T-stage, ER status and tumor grade) between the two cohorts of patients (S4 Table) . This is strong evidence that this subgroup of patients may not have "confounding by indication"; 3. After adjustment for the family income, T-stage, ER status, PR status, tumor grade, surgery type, race and age, we still observed that implant-reconstruction was associated with an improved BCSS (Table 2 , Fig. 1 ) in this subgroup of patients. Jiang et al [6] also analyzed the SEER database and showed that after adjusting for the family income in the multivariate analysis, the BCSS differences were limited between patients who underwent tissue and implant reconstructions. However, the authors did not report a significant interaction between the N-stage and reconstruction methods. In our study, the reconstruction method was significantly associated with BCSS in N2-3 patients, even after adjusting for the family income.
4. The association was still significant even after propensity score matching (S3 Table) .
Study limitations
Another concern when using an administrative database in a retrospective study is the unadjusted factors. The socioeconomic status (SES) has been widely studied as an important factor in the choice of surgery [7] . Patients with higher family income ($ 40,000) are more likely to receive breast reconstruction after mastectomy [8] . Surgeons are more likely to offer breast reconstruction to women with higher education [9] , who may also be more likely to have greater access to medical surveillance [10] . In the SEER database, we only had information about the median family income and percentage of people with a bachelor's degree in a county, which does not reflect the SES for each patient in the same county. Additionally, tissue reconstruction may lead to more surgical complications and is more likely to delay the delivery of adjuvant systemic therapy compared with implant reconstruction. Without detailed information about the adjuvant systemic therapy in the SEER database, we are still not sure whether the BCSS advantage of implant (vs. tissue) reconstruction was associated with the choices and delay of the chemotherapy treatments. Furthermore, body mass index(BMI), the HER-2 status, BRCA gene mutation, family history of breast cancer and type of implant reconstruction (immediate/ staged procedure) were not available in the SEER database, which may be important limitations in our study. Women who get delayed reconstruction are more likely to get tissue reconstruction compared to those women who have immediate reconstruction due to changes in the skin with radiation.
Implications of the study
The BCSS difference between reconstruction approaches (tissue/implant) might have some biological reasons [11] . Some studies have suggested an anticarcinogenic effect of silicone implants [12, 13] and the potential role of adipocytes in promoting the growth of breast cancer [14, 15] . Additionally, there are no guidelines or consensus for optimal screening program in patients after breast reconstruction. The implant is placed behind the pectoralis major muscle, which displaces the entire mastectomy site anteriorly; therefore, physical examination of the skin and chest wall is very effective for surveillance [16] . In contrast, tissue-reconstruction patients may need post-operative mammography screening because nearly a third of the recurrences cannot be detected by physical examinations alone in this setting [16] . Since our study revealed that there is only a BCSS difference in N2-3 patients but not in N0-1 patients, it would be important to reconsider whether different screening programs are needed for these two subgroups of patients.
Summary
Implant (vs. tissue) reconstruction after mastectomy was associated with an improved BCSS in N2-3 breast cancer patients, which was not the case for N0-1 patients. A well-designed, prospective study is needed to further confirm these findings.
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